SUMMARY A biochemical typing method is described for Klebsiella pneumoniae (sensu lato) and Enterobacter aerogenes. The technique depends on differences in metabolism of five carbon substrates-glycerol, inositol, lactose, glucose, and xylose-at two concentrations. Reproducibility is satisfactory and is monitored by the incorporation of control klebsiellae of known biotype.
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322 isolates of K. pneumoniae (sensu lato) and 123 isolates of E. aerogenes. The vast majority (91 %) were isolated from urine; the remainder were isolated from a variety of specimens including faeces, sputa, and wounds.
Those strains examined were primarily selected by their capacity for rapid aesculin hydrolysis (Aesculin bile agar, Difco). Isolates were identified on the basis of aesculin hydrolysis, citrate utilisation, ornithine decarboxylation, phenylalanine deamination, indole production, H2S production, colony colour on xylose lysine decarboxylase agar, urease production, and motility; biochemical tests were carried out as described by Barr et al. (1977) .
Strains presumptively identified as Klebsiella spp. were further biochemically typed by the methods proposed for Klebsiella spp. by Rennie and Duncan (1974) . The same biochemical tests were also carried out with isolates of E. aerogenes. Differentiation of klebsiella biotypes (Rennie and Duncan, 1974) was on the basis of three groups of test results: group A-indole production, Voges-Proskauer test, and citrate utilisation; group B-lactose and sucrose fermentation, malonate and gluconate utilisation; group C-dulcitol fermentation, lysine and ornithine decarboxylation, and urease activity. Different reaction sequences in each group were identified by single-digit codes, and the biotypes were recorded from the three biochemical test groups as three-digit codes.
MEDIA
Cultures were maintained on nutrient agar slopes and streaked on MacConkey agar 24 hours before use. Media for the identification of clinical isolates were prepared as described by Barr et al. (1977) . Media for the biotyping of clinical isolates by the methods of Rennie and Duncan (1974) were prepared, and biochemical tests carried out, by conventional methods (Cowan, 1974) .
In order to facilitate detection of multiple biotypes in urine, urine sediment was streaked on MacConkey agar and on five minimal media, each containing one of the substrates used in discrimination between strains by differential substrate metabolism. The minimal media contained (g/l); K2HPO4, 7-0; KH2PO4, 30; (NH4)2 SO4, 1 -0; MgSO4, 7H20, 0 1; NaCl, 5 0; neutral red agar, 15-0; and either glycerol, inositol, lactose, glucose or xylose, 5 0.
Biotyping of klebsiella and enterobacter isolates by differential substrate metabolism was carried out in Andrade's peptone water (Oxoid: Batch 062 21545), pH 7-4. Stock solutions of each of five substrates (glycerol, inositol, lactose, glucose, and xylose) at each of two required concentrations (0-3 % and 0-2 % for inositol, lactose, glucose, and J. G. Barr andG. M. Hogg xylose; 0 6 % and 0 4% for glycerol) were prepared by the addition of filter-sterilised solutions of the appropriate substrate. Stock solutions in peptone water were stored for not more than three months at 40C.
Selection plates for the detection of resistance transfer were prepared by the addition of filtersterilised antibiotic solutions to autoclaved media as follows:
MacConkey agar + rifampicin (75 ,tg/ ml) + tetracycline (15 ,tg/ml) MacConkey agar + rifampicin (75 ,tg/ml) + kanamycin (20 ,ug/ml) MacConkey agar + rifampicin (75 jig/ml) + carbenicillin (25 Urine sediment was streaked on to MacConkey's medium and the minimal media described above. Where differences in colonial form, or medium indicator colour change associated with colonies, were observed, representative colonies were selected and purified for further testing. Six colonies were selected from the final streak. Where no differences could be detected among colonies on one plate, six colonies were selected at random.
All colonies selected were identified by the methods described.
ISOLATION OF KLEBSIELLAE FROM FAECES
Faeces were plated directly on aesculin bile agar (Difco), Simmon's citrate agar (Difco), and MacConkey agar (with lactose replaced by inositol). Faeces were also incubated for 48 hours in citrate broth and MacConkey broth (with lactose replaced by inositol) and then plated on the three primary isolation media described above. Isolates, selected on the basis of reactions on these media, were identified by the methods described.
ANTIBIOTIC SENSITIVITY TESTING Antibiotic sensitivity was determined using discs (Oxoid) Rennie and Duncan (1974) . The population was very homogeneous, and few biotypes could be identified. Differences did occur in inositol fermentation (cf, Barr and Mahood, 1976) , indole production, and malonate utilisation, which could usefully complement strain discrimination on the basis of differential substrate metabolism.
BIOCHEMICAL TYPING BY DIFFERENTIAL SUBSTRATE METABOLISM
On the basis of well-defined results alone, a possible total of 243 biotypes could theoretically be distinguished for both K. pneumoniae (sensu lato) and E. aerogenes. However, the occurrence of weak reactions clearly increases the potential number of biotypes. Such intermediate results were normally reproducible, could allow additional biotypes to be distinguished, and were shown to be independent of variation in the biotyping technique. Thus a biotype (Table 2) . Of the dominant types, biotypes 11222, 11111, and 00222 were isolated throughout the period of this investigation from many different wards. Isolations of biotype 00112 were to a large degree restricted in distribution. Clusters of isolations of biotypes 11222 and 00112 suggested that the presence of a changing environmental reservoir or cross-infection may have contributed to their predominance in some wards.
Enterobacter isolates Among 123 clinical isolates of E. aerogenes examined, 24 biotypes were distinguished. Ten biotypes accounted for 83 % of the isolates (Table 3) . As with klebsiella, enterobacter biotypes were distinguished that showed considerable variation in the metabolism of the substrates utilised. However, the percentage distribution of enterobacter biotypes was quite distinct from the distribution of biotypes among klebsiella strains (Tables 2 and 3 ).
MULTIPLE BIOTYPES IN URINE: BIOTYPES IN REPEAT SAMPLES
Of 80 urine sediments examined, seven catheter specimens yielded two or more types which were distinguished by differences in colonial form or medium indicator colour change. In all seven cases these differences were detected on MacConkey agar; in four cases two or more distinguishable types were also detected on one or more minimal media. In four of these cases, examination of repeat specimens of urine yielded the same multiple biotypes.
In four of seven specimens that yielded apparently mixed growths on culture media, observed differences were complemented by differences demonstrated in biochemical typing by either method. In three cases, observed differences on culture plates were not confirmed by either biotyping method.
One specimen yielded two biotypes that could not be distinguished on culture plates. The presence of two types was recognised by both biotyping methods after random selection of colonies for study.
In the majority of cases where klebsiellae were isolated from repeat specimens of urine from the same patient, they were of the same biotype. However, not infrequently and especially in catheterised patients, different biotypes were isolated from the same patient on successive occasions; these changes were often accompanied by increased or decreased antibiotic sensitivity, and by recognisable colonial changes. Barr (1978) and Rennie and Duncan (1974) Sixteen biotypes of klebsiella and 12 biotypes of enterobacter were identified (Table 4 ). The most common biotypes isolated from faeces were among those biotypes most commonly isolated from urine during the course of this investigation (cf , Tables   2 and 3) .
Isolates of klebsiella and enterobacter were both relatively sensitive to antibiotics, 13 were sensitive to all antibiotics tested, 17 showed resistance to ampicillin only, and only nine showed multiple resistance (resistant to four or more antibiotics).
Distribution of klebsiella biotypes in different wards
Urine isolates of klebsiella were common from many wards. However, over any period, isolates of E. aerogenes were much less frequent and are not further discussed here although their potential importance in hospital acquired infection should not be understated.
The wards from which urine isolations of klebsiella were most common are shown in Table 5 . In Table 4 Major biotypes and antibiotic resistance of Klebsiella pneumoniae (sensu lato) andEnterobacter aerogenes isolatedfromfaeces ofstaffandnew admissions (Table 6) .
Biotype 11222 is a common type (Table 2 ) which has been isolated from faeces of staff and new admissions (Table 4) and from urine in other wards (Table 5) 
Discussion
A biochemical typing method is described which allows considerable discrimination between clinical isolates of K. pneumoniae (sensu lato). Preliminary evidence suggests that the method may also be of value in defining biotypes of E. aerogenes. This is of particular value since conventional biotyping of Klebsiella spp (Rennie and Duncan, 1974) , on its own, is insufficiently discriminating. Biotyping by differential substrate metabolism may be used to complement conventional biotyping. However, the (Barr, 1978) . Repeat samples of urine from the same patient normally yielded the same biotype, and the method allowed the detection of occasional mixed biotypes in catheter specimens. This technique, by employing methods and materials normally available in bacteriology laboratories, could provide a rapid and convenient method for the screening of klebsiella isolates during routine surveillance.
However, variations between batches of Andrade's peptone water, the substrate base, and sensitivity to environmental variation may make comparison between laboratories difficult without careful standardisation. It may be convenient for laboratories to institute surveillance by the described biochemical methods and to determine the capsular serotype of 'epidemic strains' with the help of a reference laboratory, for purposes of communication.
Evidence, to be published later, has been obtained in this laboratory, which suggests that strain differences in the metabolism of the substrates used in the typing procedure may in part be mediated by plasmids. Reeve and Braithwaite (1973) have shown that strong and weak lactose fermenting phenotypes among klebsiella strains may result from the presence or absence of a plasmid which enhances ,B-galactosidase activity. Other workers (Cornelis et al., 1978) have shown that the introduction of plasmids may alter the ability of recipient strains to ferment certain substrates. This work is being pursued with a view to establishing the stability and potential transmissibility of plasmids which may influence the characters utilised here in discrimination between strains.
The technique allowed the recognition of many biotypes. Bowel carriage, which has been shown to provide a reservoir for the spread of klebsiellae (Selden et al., 1971) , was common among new staff members and new admissions in general, and many biotypes were identified which were shown to be relatively antibiotic sensitive. However, in two orthopaedic wards (41/42), where colonisation by klebsiella was most common, two multiply antibioticresistant biotypes predominated.
The predominance of two biotypes, at different periods, in wards 41/42 suggested the possibility that cross-infection or an environmental reservoir was implicated. Representative isolates of biotype 11222, which predominated in the first part of 1978, were of the same capsular serotype, K21, and the majority of isolates carried the same R-factor. Representative isolates of biotype 00112 were of the same capsular serotype, K43, which is a rare type in the absence of an outbreak or cross-infection situation. These two types were in general further differentiated by a difference in sensitivity to naladixic acid. Similar patterns of changing predominance have been found by other workers (Casewell and Phillips, 1978; Riser et al., 1978) . These outbreaks have usually been self-limiting and may reflect a changing environmental reservoir.
In wards 41/42, patients were frequently elderly, debilitated, and often incontinent and confused; among these admissions many had indwelling catheters, often for long periods of their stay. Many patients were given antibiotic therapy either prophylactically (often Magnapen) or because of their general condition, and this has been shown to predispose to klebsiella colonisation (Montgomerie et al., 1970) . Certainly many of these patients were resident in these wards for long periods, and by their predisposition, individual patients could have acted as reservoirs for the predominating biotypes. This may have contributed to cross-infection and the seeding of environmental sites by the means suggested by other workers as important vehicles of spread of klebsiella (Riser et al., 1978; Curie et al., 1978) .
Certainly no change in ward policy or management occurred which could explain the change in preponderance, with time, of the two biotypes concerned. However, although no evidence for the origin of spread of the two predominating multiply resistant biotypes is offered, the data may reflect that three factors, viz, selective antibiotic pressure, heavily colonised patients, and catheterisation, may have compromised patients in these wards to urinary tract colonisation.
